Using census data from Nepal we examine how the partial derivatives of predicted household welfare vary with parental education.We focus on fertility, child survival, schooling, and child labor.
Introduction
A strong empirical association between mother's education and child welfare has been documented in numerous countries (see Behrman 1997 and 2010 for surveys). Educated mothers tend to have fewer children, and to have children who are healthier and better educated. 1 This relationship has received much attention in policy circles, and has led many to advocate an expansion of female education as a way to reduce fertility, improve human capital and, ultimately, foster long-term growth (e.g., Mason and King, 2001 ; World Bank, 2012a and 2012b). Given how far reaching these claims are, not only for economic development but also for demography and family welfare, they have attracted considerable scrutiny and there is a large economic literature devoted to this issue (for surveys, see Strauss and Thomas 1995,
Orazem and King 2008, and Behrman 2010).
There are many well known reasons why observing a correlation between female education and child welfare is insu¢ cient to infer a causal relationship from one to the other. In recent years many researchers have sought to overcome this di¢ culty by relying on experimental and quasi-experimental evidence at the This paper seeks to cast some light on the multiple channels through which parental education in‡uence fertility and child welfare. Using a large observational dataset, we decompose the correlation between parental education and child welfare into di¤erent components. While the approach does not allow the kind of causal inference that an experimental approach makes possible, it nevertheless opens an informative window on the relationship of interest. The approach should be seen not as a substitute for experimental approaches but rather as a useful complement.
We consider four indices of household and child welfare: (1) mother fertility; (2) child survival rate (an indicator of child health); (3) child schooling; and (4) child work. The focus of analysis is on the partial derivative of predicted fertility and child welfare with respect to parental education, controlling for district …xed e¤ects, parental age, and ethno-caste dummies. The reason we focus on partial derivatives is that they can be compared to the marginal treatment e¤ects that guide policy and on which the current development literature focuses. 2 Although our partial derivatives cannot be given a causal interpretation in the way treatment e¤ects can, presenting them in the same manner facilitates interpretation.
We …rst examine whether the partial derivative with respect to parental education is the same for father and mother education, and whether it varies with the level of education -e.g., whether an additional year of primary education predicts the same change in fertility or child welfare as an additional year of college education. We …nd large di¤erences across gender and across schooling levels. The higher the education level of a mother, the fewer children she is predicted to have. In contrast, an additional year of schooling raises the predicted number of children among fathers with a low education, but reduces it among fathers with secondary education and above. Couples in which the husband has more than primary education are also predicted to be less likely to have a child in the year preceding the census.
Among low education mothers, an additional year of education increases the predicted survival rate of her o¤spring; the relationship tapers o¤ slightly at higher levels of education. In contrast, father education is associated with a strong increase in child survival rate, but only for education levels above primary school. Parental education is also associated with higher school attendance and education attainment.
The partial derivative is larger for father than mother education, and it tapers o¤ at high levels of parental education, especially for mothers. A similar pattern is present for child work: an additional year of parental schooling is strongly associated with a reduction in predicted child work; the partial derivative is larger (twice as large) for father than mother education; and the relationship tapers o¤ at high levels of parental education.
Next we examine how much of the predictive power of parental education is driven by the matching of spouses in the marriage market. If educated women make better mothers, they should on average be matched with someone whose reproductive success is also predictably higher, such as a better educated man. It follows that any positive relationship between mother's education and household outcomes would be reinforced by marriage market outcomes. This point is made by Behrman and Rosenzweig (2002) who, using twin data from the US, …nd considerable evidence of assortative matching on education. 3 In their study, the relationship between father's education and child schooling is strong and large in magnitude, but the association with maternal education is not signi…cant.
To investigate this in our dataset, we recalculate partial derivatives of father's and mother's education correcting for matching. Once we correct for the fact that a better educated mother is likely to marry a better educated father, the bene…cial partial derivative of mother education on child welfare gets smaller in magnitude. This is due to non-zero cross-partials of mother and father education. At least part of the predictive power of mother education on child welfare is driven by marriage market e¤ects and higher father education.
We then decompose the predictive power of parental education into aggregate and individual components, i.e., we add controls for the average education level of the age cohorts of the mother and father in their respective birth district and ethno-caste group. If the correlation between parental education and child welfare is driven primarily by labor markets externalities and other general equilibrium e¤ects, 4 we expect the average education of the cohort to soak up much of the predictive power of parental education.
This is not what we …nd: partial derivatives of father and mother education on child welfare are virtually una¤ected. Average education levels of the mother and father age cohorts do, however, have a predictive power of their own. Controlling for the individual education levels of the father and mother, a better educated male cohort is associated with higher child welfare: lower fertility, higher survival rate, higher school attendance and educational attainment, and less child work. The same is not true for the female cohort: mothers from a better educated marriage cohort tend to have more children, a lower child survival rate, less child schooling, and more child work.
Next we seek to disentangle individual education from ability and family background. The literature has sought to deal with this issue by instrumenting mother's education. 5 Since this strategy is not avail- 3 See also Breierova and Du ‡o (2004) and Carneiro, Meghir and Parey (2007) . 4 E.g., a fall in the average ability of the marginal degree holder as education levels increase. 5 In developed countries, examples of this strategy can be found in the works of Black, Devereux, and Salvanes (2005), Oreopoulos and Page (2006) , Chevalier (2004) , Chevalier, Harmon, O'Sullivan, and Walker (2005), Maurin and McNally (2005) , and Galindo-Rueda (2003) who exploit changes in compulsory schooling or in examination standards as instruments. Carneiro, Meghir and Parey (2007) use schooling costs during the mother's adolescence as instruments and …nd that mother's schooling increases child performance on standardized tests and reduces the incidence of behavioral problems. In developing countries, Andrabi, Das and Khwaja (2009) use the supply of gendered public schools in the mother's birth village as instrument. A similar instrumentation strategy is adopted for Indonesia by Breierova and Du ‡o (2004) , who use time-and region-varying exposure to a school construction program as instrument. able to us, we seek instead to decompose individual education into a relative ability component and a pure education component. The assumption behind our decomposition is that, within a relevant cohort, more academically inclined individuals (and individuals from a more supportive family environment) receive relatively more schooling even though their absolute level of schooling depends on general conditions such as school supply and local demand for educated workers. To implement this idea, we construct two proxies (i.e., for mother and father) for individual ability and family support calculated as the relative educational rank of an individual within their age cohort in their respective birth district and ethno-caste group.
When we add the educational rank of the mother and father as additional regressors, we …nd large changes in the residual predictive power of parental education on child welfare. Going from no education to some primary education is now associated with a small or zero increase in fertility for both mother and father, although the partial derivative remains negative above secondary education levels. We also …nd that, conditioning on age, mothers with more than primary education are more likely to have a child in the year preceding the survey -possibly capturing a fertility catching up e¤ect. The partial derivative of child survival with respect to father education remains large for schooling above primary, but it is much smaller and hardly distinguishable from zero for mother education. For school attendance, the partial derivative with respect to father education is halved while that for mother education is now non-signi…cant for primary education and negative for secondary education and above. A similar pattern is obtained for educational attainment. Finally, for child work, partial derivatives with respect to parental education are either zero or have the wrong sign. The change is particularly strong when we correct for assortative matching by education, in which case both father and mother education above primary are associated with more child work, not less.
In contrast, the educational rank of the mother in her marriage cohort is systematically and strongly associated with lower fertility, higher child survival rate, better child education, and less child work. The father's educational rank shows a less systematic correlation: it is strongly associated with higher school attendance and educational attainment and with less child work, but is positively correlated with fertility and uncorrelated with child survival rate. To the extent that the educational rank proxies for individual ability and family background -and not the causal e¤ect of education itself -these …ndings suggest that much of the correlation between mother education and bene…cial child welfare may not be attributable to education. On the other hand, the correlation between father education and child welfare remains even when we control for educational rank. Thus, even if educational rank over-controls for ability and family background, the fact that partial derivatives with respect to father education remain signi…cant suggests that the correlation is probably not purely due to ability or family background -and is more likely to have a causal element. We cannot reach the same conclusion for mother education.
How do these …ndings compare to the literature? In a developed country context, Currie and Moretti (2003) …nd that maternal education has signi…cant e¤ects on birth-weight and gestational age while Breierova and Du ‡o (2004) …nd that, in Indonesia, female and male education seem equally important factors in reducing child mortality. This is consistent with our …nding that parental education is associated with higher child survival rates.
We …nd that better educated parents have better schooled children who are less likely to work, but that the correlation is stronger for father than mother education once we proxy for innate ability. This is consistent with the …ndings of Rosenzweig (2002, 2005) who, using a very di¤erent methodology, also …nd evidence that father education matters more than mother education for child schooling. Plug (2004) similarly …nds weak e¤ects of adoptive mother's schooling on child's schooling but large e¤ects of father's schooling, while Bjoerklund, Lindahl, and Plug (2006) …nd strong e¤ects of both adoptive father and mother's schooling. Amin and Behrman (2011) …nd, as we do, that cross-section correlations overestimate the e¤ect of mother schooling on fertility.
In contrast, Sacerdote (2002) argues that a college educated adoptive mother is associated with a 7% increase in the probability that the adopted child graduates from college. For Guatamala, Behrman, Murphy, Quisumbing, and Yount (2009) …nd strong e¤ect of mother intellectual capital on child schooling but note that a well-designed intervention 'require[s] approaches that account for dimensions of women's human capital beyond just their schooling'. Based on evidence of this kind, Holmlund, Lindahl, and Plug (2006) argue that results from the literature are quite disparate and a consensus has not formed yet. The evidence presented here cautiously suggests a possible reconciliation, namely, that con ‡icting results may be due to partial derivatives that vary by education levels in the respective study populations.
The paper is organized as follows. In section 2 we introduce the conceptual framework and testing strategy. The data are presented in Section 3 while Section 4 is devoted to empirical results.
Empirical strategy
The object of this paper is to study the statistical association between welfare and male and female education. The main focus is on the partial derivative of an additional year of male or female education on fertility and child welfare outcomes, and how this partial derivative varies by education level. We limit our attention to married couples.
Partial derivatives
We wish to ascertain whether an additional year of parental education is associated with di¤erent household outcomes regarding fertility and child welfare. Formally, let y denote an outcome of interest, m denote the education of the male parent (i.e., father), and f the education of the female parent (i.e., mother). We write:
where b y is the predicted value of y, v denotes local conditions such as the supply of health and education, and g(:) represents a sample multiple least squares regression (Goldberger, p.95).
We focus our analysis on the partial derivatives (PD) of g(:) with respect to m and f . There are several reasons for this. First, PDs are more directly comparable to marginal treatment e¤ects. Although our PDs cannot be given a causal interpretation in the way treatment e¤ects can, presenting them in the same manner facilitates comparison. Secondly, we are interested in whether PDs are signi…cant or not, something that is obscured if we present results in terms of the non-linearity of g(:). Indeed, in that case the focus naturally falls on whether the non-linearity is signi…cant, not whether PDs are di¤erent from 0. Third, thinking in terms of PDs opens the door to discussing assortative matching, a point to which we return below.
We wish to estimate @ b y @f = g f and @ b y @m = g m in a model su¢ ciently general to allow for g(:) functions other than additively separable in m and f . 6 In particular, we wish to know the extent to which the PD of b y with respect to f is increasing or decreasing in m, i.e., whether for
is related to the question of whether mother and father education are complement or substitutes in the production of outcome y.
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Because educated women tend to marry educated men and vice versa, we distinguish two types of PDs. The …rst kind evaluates @g(f;m) @f at the average level of male education m, i.e.:
This is the derivative of the predicted value of y with respect to female education if women marry someone selected at random from the entire population of fathers.
In practice, there is assortative matching on education between husband and wife. In our data, the correlation in parental education is 0.63. A second kind of PD measures the change in b y that is associated with an increase in f , correcting for the fact that women with a higher f also have a better educated husband on average. If f and m are correlated and g mf 6 = 0, the two concepts are di¤erent. Formally, let m(f ) denote the sample of men married to women with education level f and let m(f ) denote the sample mean of m(f ). The PD is de…ned as:
is called a 'marginal e¤ect'. We refrain from using the expression here because it implies causality and this causes confusion. 7 To illustrate, suppose that outcome y increases in f and m and let h(f; m) be the production function of y. If m and f are complement in the production of outcome y, we have h mf > 0. In contrast, if h mf < 0, this indicates that female education f is not indispensable to raise outcome y but can be substituted for by higher male education m. If h mf = 0, both m and f raise y independently of each other. This is what is typically assumed in regression analysis of the relationship between parental education and household welfare outcomes. Although the data that we have precludes a direct estimation of h(f; m), we nevertheless expect that g mf > 0 whenever h mf > 0.
In g c f (f ) m is conditional on the value of f while in g u f (f ) it is not. PDs with respect to male education are de…ned in a similar fashion. 8 The importance of the distinction between g u f (f ) and g c f (f ) is best illustrated with an example.
Suppose the parents of a little girl decide to educate her to improve her prospect in life. Assortative matching on education helps them achieve their objective. Assortative matching bene…ts vanish, however, if all parents do the same thing: when all daughters are better educated, they compete for an unchanged supply of grooms, and the additional bene…t of marrying a more educated husband evaporates. Given this, the bene…ts of assortative matching should be included when making a policy recommendation to one set of parents, but not when making a policy recommendation to all parents. The same distinction arises when considering the scaling up of any intervention. See for instance Du ‡o (2004) for a good discussion of this issue in the context of education expansion in Indonesia. 9 If parental education is correlated, from (2.2) we see that g education relationship can be overstated unless the researcher adequately controls for correlation in parental education. 8 In the empirical analysis g(f; m; v) includes other cross terms as well. They are handled in a similar fashion. To illustrate, let w i be the mother's age and d i another relevant characteristic of the mother. We have:
As before g u f (f ) is linear in f while g c f (f ) is not. 9 In her case, matching is between a worker and a job. But the reasoning is the same: when more people get educated, there is more competition for jobs that require education. Hence the bene…t from acquiring education depends on whether others acquire education as well, and the anticipated bene…t from education at the individual level does not necessarily scale up to the whole population.
Further decomposition
It is widely recognized that correlation between parental education and household outcomes does not imply causation. Two major sources of confounding e¤ects have been discussed in the literature: general equilibrium e¤ects, and unobserved individual heterogeneity. We construct proxy variables for both in an e¤ort to decompose the correlation between y and education into various components, i.e.: variation associated with education at the level of individual parents; variation associated with a higher educational level of parents in a given area; and variation due to ability and family background but correlated with individual education. Examples of e¤ects falling into the …rst component include higher parental income and better health knowledge. Examples falling into the second include higher local development, better amenities, health externalities, and school peer e¤ects. Examples falling into the third include smarter and more attentive parents and grand-parents, irrespective of their education.
More educated parents are, on average, surrounded by other more educated parents, either over space (e.g., urban inhabitants are on average more educated) or time (e.g., younger cohorts are on average more educated). To capture this idea with the data at hand, we construct variables F and M that represent the average level of male and female education in the birth cohort of each father and mother in our dataset.
Space and time may also have direct aggregate e¤ect on fertility and child welfare, e.g., because of better public amenities or higher incomes. These phenomena could account for part of the correlation between y and average parental education. If g This does not necessarily imply that education is unimportant from the point of view of policy makers, only that the channel by which it raises child welfare involves unspeci…ed general equilibrium e¤ects and externalities, not a response at the level of individual parents.
Unobserved individual heterogeneity is also a source of concern, particularly parental attributes that are correlated with education and have a causal impact on y. Examples include individual ability (e.g., intelligence and non-cognitive skills) and family background: we expect smarter mothers and fathers to take better care of their children, and people encouraged to stay in school by their parents may also be encouraged to take good care of their o¤spring (e.g., Behrman and Rosenzweig 2002).
We do not observe individual ability and family background but, if we are willing to make some assumptions, we can derive a reasonable proxy for it. The assumption behind our proxy is that, within a relevant marriage cohort -i.e., among people of the same age, birth district, and ethno-caste -individuals who are more academically inclined and come from a more supportive family receive more schooling relative to others. It follows that their absolute level of schooling depends on time-varying district conditions such as school supply and demand for educated workers, but their relative level is driven primarily by ability and family background.
If this assumption is correct, we can use the educational attainment rank of an individual in their birth cohort as proxy for individual ability and family background -or more precisely for the part of individual ability and family background that is correlated with education. 10 Let R f and R m denote the education rank of each parent in their respective birth cohort. If g u f and g c f falls in magnitude after we control for R f and R m , this suggests that part of the correlation between parental education and y may be due to unobserved individual heterogeneity in ability and family background, not to education per se.
We also seek to control for variation in marriage market conditions that may a¤ect our outcomes of interest. Marriage markets have received less attention as possible confounding factors a¤ecting the correlation between parental education and household outcomes. Yet they too could play a role.
It is widely believed that women on average wish to have fewer children than men (see Ashraf and Field 2011 for recent experimental evidence), but also that mothers wish to take better care of the children they have than fathers do (e.g., Becker, Murphy and Tamura women in a more advantageous marriage markets may be more successful in seeing their preferences re ‡ected in household decisions about fertility and child welfare. This is especially true if they are better educated than other potential brides in their cohort. A similar, mirror argument can be made for men. It follows that part of the correlation between parental education and household outcomes such as fertility and child welfare could be driven by marriage markets.
1 0 The part that is not correlated with education is not a source of bias and is subsumed in the error term.
To capture this possibility, we construct two indicators of marriage market conditions. The …rst indicator G measures the relative proportion of potential brides and grooms in each parent's birth cohort.
The second indicator E measures the relative average education of potential brides and grooms in each parent's birth cohort. We expect women to have a better bargaining power in marriage markets with fewer women relative to men, and where the average education gap between men and women is smaller.
It follows that the correlation between G and E with y is expected to reproduce di¤erences in preferences for y between men and women. We also interact G and E with individual education to proxy for a possible marriage market e¤ect of education on y through better intrahousehold bargaining.
The data
We For a randomly selected 11% of the census population, additional information was collected using a second, longer questionnaire. This questionnaire collected information on district of current residence, district of residence 5 years prior to the census, and district of origin. Detailed information is also available on gender, age, education, unemployment, and occupation of the parents. The 11% population census covers approximately 2.5 million individuals in 520,624 households.
The Nepalese Central Bureau of Statistics was kind enough to merge the short and long questionnaire datasets for us. This provides a very large data set on which we estimate the partial derivative of male and female education. We focus on monogamous couples residing together at the time of the censusaround 340,000 households. Most of these couples are married. To minimize data artefacts, we only keep couples in which both spouses are aged 60 or less.
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Nepal is a good choice to study the partial derivative of female education. In terms of culture and attitudes, it is similar to its large Southern neighbor, India, with a population that is primarily Hindu.
Hence results for Nepal are probably informative about Northern India, and perhaps about other countries in the sub-region as well. Because Nepal is very mountainous, it remained geographically isolated for a long time. Things are changing rapidly, however. Education levels have increased steadily in the recent past, and the education gap between boys and girls is closing. But there remain important disparities in education across individuals.
We focus our analysis on two groups of dependent variables for which information is available: fertility and child survival; and child education and child labor. Since we limit our analysis to co-residing monogamous couples, each household includes a 'husband'and a 'wife'.
Census questions about fertility and child mortality were only asked to women between the age of 16
and 49. They refer to the household as a whole, not to individual children. As measures of fertility we use the total number of reported sons and daughters and a dummy variable that is equal to 1 if the wife of the household head had a live birth in the 12 months preceding the census. For child mortality, we use the proportion of sons and daughters born to the wife who are still alive at the time of the census. We do not have information on the age at which a child died. Table 1 presents descriptive statistics for these household-speci…c dependent variables. Across all households with at least one son or one daughter, the average survival rate for sons and daughters is around 94% -slightly lower for daughters. The number of ever born children reported by each household is on average higher for boys than for girls. We also note the smaller number of households that report having at least one daughter. These …gures suggest that there could be underreporting of daughters' births (and death) -although we cannot be sure (e.g., Anderson and Ray 2010). 12 For all women of childbearing age, the census recorded whether they had a live birth in the 12 months preceding the survey.
On average, the wife of the household head had a live birth in 6.4% of the households in the sample. Table 1 shows descriptive statistics for the regressors used in the household outcome analysis. Average 1 2 The smaller number of households reporting having at least one daughter could be because of a parental stopping rule. If households who get a son …rst stop while households who get a girl …rst keep trying until they get one son, there will be more households with at least one son than households with at least one daughter. education levels for husbands and wives, measured in years of schooling, are low but slightly higher for men. 40% of husbands and 70% of wives have no education at all. The correlation in education levels between husband and wife is 63%. On average a husband in a monogamous couple is 4.7 years older than his wife; the corresponding median is 4 years.
When estimating (2.1) and (2.3) we need to control for local conditions such as health risk factors and the provision of educational and health services. To do so, we include locality …xed e¤ects at the point of residence. Nepal is divided into 75 districts and further subdivided into 3915 Village Development Council or VDCs. All the regressions presented here include …xed e¤ects for the VDC of residence. 13 In addition, standard errors are clustered by VDC to correct for possible negative correlation in outcomes within VDCs.
We include dummies for the main language, religion, and ethnicity of the husband and wife. For language, the dummy takes value 1 if Nepali, the national language, is the person's mother tongue.
This dummy is included as control because parents who speak the national language may be in a better position to understand health and nutrition instructions received from teachers and health practitioners.
Nepali is the mother tongue of half of the husbands and wives. The religion dummy takes value 1 if the person is Hindu, and 0 otherwise. For caste/ethnicity, we rely on the classi…cation used by the Nepalese Central Bureau of Statistics in its surveys. This classi…cation, which is quite detailed, combines caste-like categories with tribal a¢ liation. In Table 1 we de…ne dummies corresponding to each of the three main categories, Brahmin, Chhetri, and Newar; individuals who are neither get coded as 0. Close to 16% of respondents classify themselves as Brahmin or Chhetri, while another 8% classify themselves as Newar.
Together these three categories account for 40% of the sample.
Marriage market variables are presented next. Most Nepalese couples report sharing the same language, religion and ethnicity. For instance, in 99.7% of the couples where the husband reports being Hindu, the wife is also reported as being Hindu. Similarly, in 99.2% of the couples for which the husband is reported as not Hindu, his wife is not Hindu either. For speaking Nepali, the equivalent proportions are 1 3 The purpose is to purge the correlation between parental education and household outcomes that may be due to residence -e.g, health care provision, school supply. Doing so takes out one possible channel -migration -through which parental education may a¤ect child welfare. Given that the overwhelming majority of individuals in the data live in their birth district, this is not much of a concern.
99.4% and 99.1%. Equally high -if not higher -proportions are reported for ethno-caste a¢ liation. To capture this reality, we divide all individuals born in a given district into marriage cohorts based on caste and religion. Doing so is a delicate balancing act: narrowly de…ned categories identify potential mates more precisely, 14 but they lead to small marriage cohorts. To minimize the resulting measurement error,
we keep the number of categories to …ve. Non-Hindus constitute one category, representing around 17% of the population. Hindus are then divided into the three caste groups listed above (e.g., Brahmin, Chhetri,
and Newar) and a residual category made of other Hindus. Except in large urban centers, non-Hindus in a given district tend to belong to the same religion. Similarly, other Hindus tend to come from a small number of castes.
The age cohort of each individual i is de…ned as the set of same age and same gender individuals (married or unmarried) who potentially compete for mates in the same marriage pool. There is severe bunching in the age data, with spikes in the age pyramid at all multiples of …ve. For this reason we construct cohorts to include the …ve age categories closest to i. (2) belong to the same ethno-caste category de…ned above; (3) have the same birth district; and (4) are no more than two years older or younger than i. This de…nition is used throughout the analysis whenever we refer to the cohort of individual i.
To proxy for female scarcity in the marriage market we proceed as follows. Let N (4) are no more than 7 and no less than 3 years older than woman j. To minimize data artefacts driven by age bunching, we have assumed that the age cohort of husbands is on average …ve years older than the cohort of relevant wives. This is reasonably close to the average age gap which is 4.7 years.
Of course, j need not marry someone in N . 15 To re ‡ect this, we combine information from both the husband and the wife's natural marriage cohorts to construct the female scarcity variable dn i of couple i de…ned as:
By construction dn i is normalized to lie between 1 (extreme female competition) to +1 (extreme male competition). A value of 0 means an equal number of men and women in the marriage cohorts of couple i. The average value of dn i is 0:08 in our population of couples, indicating that there are on average more women than men in a given marriage cohort. This is mostly due to the age di¤erence between married men and women, combined with rapid population growth.
We also construct a marriage market variables proxying for the average imbalance in education levels between brides and grooms. Let E m j denote the average educational level of individuals in N m j , and similarly for E f j . The imbalance in average education level for couple i is de…ned as:
It is measured in terms of years of education. The average value of de i is -2.29, implying that men have on average 2.29 years of schooling more than the women in their marriage cohort. Both dn i and de i are constructed such that an increase implies marriage market conditions more favorable to women.
Next we report F and M , the average level of male and female education in the birth cohort of each father and mother in our dataset. For each spouse we report two numbers as follows, one centered on the husband's age, and the other on the wife's age. 16 The two are not very di¤erent but we use both as controls to net out, in some of our regressions, the partial derivative of individual education. As expected, years of education are higher on average for men than for women. The educational ranks R m and R f of men and women in their respective marriage cohort are reported next. As explained earlier, R m and R f proxy for unobserved heterogeneity in ability and family background. The average rank is, unsurprisingly, close to 0.5, with healthy variation around the mean. The remainder of Table 1 presents individual characteristics of the husband and wife. Parental education is the focus of our analysis. The other regressors serve as controls. labor are recorded for each child separately, but are limited to those children residing in the household at the time of the census. School attendance is a 0-1 variable equal to 1 if the child was attending school around the time of the census. We also have information on the number of completed years of education.
School attendance and completed education are only recorded for children between the age of 6 and 15.
For children aged 10 and above, we also have a report by the parents on the number of months during which the child worked in the 12 months preceding the census. Here "work" refers to wage employment or work on the family farm or business. As documented by Fafchamps and Wahba (2006) , child labor is common in rural Nepal, and mostly involves helping on the family farm or business.
As shown in Table 2 , a little over three quarter of the children in the sample are reported as attending school at the time of the census. The number of years of education, averaged over all the children in the sample, is 2.5. For children aged 10 to 15, the average number of months worked during the last 12 months is one.
We control for a number of child-speci…c variables. The average age of the child in the sample is 10.3.
48% of children are girls. To control for household composition e¤ects and possible sibling competition for resources, we include controls for the number of male and female co-residing elder siblings. 17 Older siblings can help parents around the house or household business and thus help younger siblings to attend school and dispense from work. The average child in the sample has 0.72 older male siblings and 0.6 older female siblings co-residing in the household. The proportion is lower for female siblings presumably because girls marry earlier, at which time they leave the household.
The census also recorded information on whether the child is living with his/her biological parents or not. Most children (88.7%) live with both biological parents; 6.69% of children live with their biological mother while 2.45% live with their biological father. The rest (2.16%) do not live with their biological parents and are ignored from the analysis. We also limit our analysis to children living with a married couple, so that we have information on both husband and wife. In this subsample, 96.7% of the children live with both their biological parents.
In the children regression we also control for household size and dependency ratio. As seen in Table   2 , the average child in the sample lives in a household with 6.3 members, half of which are children.
There is considerable variation across households in terms of size and dependency ratio (i.e., the number of children divided by total household size).
Empirical results
For household-speci…c variables, we begin by estimating a short model of the following form:
where y iv denote an indicator of interest for household i in VDC v. As in Section 2, m iv and f iv denote the education level of the husband and wife while d iv stands in for the two marriage market variables.
Variables h iv and w iv denote the age of the husband and wife, respectively. Language, religion, and ethnicity dummies, for both the husband and the wife, are represented by D iv . The regression includes a VDC …xed e¤ect u v . Robust standard errors, clustered by VDC, are reported throughout.
For child-speci…c variables such as school attendance, education, and child work, the regression model (4.1) is expanded to include child-speci…c age and gender dummies, the log of household size, the dependency ratio (calculated as the share of children in the household), the number of older male and female co-residing siblings, and whether the child lives with only a biological mother or father. For school attendance and attainment, children aged between 6 and 15 are included. The child work question was only asked for children aged 10 and above.
Model (4.1) is quadratic in m iv and f iv . To ensure our results are not an artefact of this functional form, we also estimate a version of (4.1) with a cubic term in m iv and f iv , as well as a fully saturated model in m iv and f iv . In the following pages we focus our presentation on model (4.1) but we discuss the results obtained with the two alternative models whenever relevant.
Partial derivatives
Estimated coe¢ cients for the household short regressions are summarized in Table 3 ; those for children regressions appear in Table 4 . Our interest lies in estimating partial derivatives or PDs with respect to parental education for each of the dependent variables. Since partial derivatives vary with f and m, they are best represented graphically.
We begin with the survival rate of daughters. Estimates of PD for the husband's education are reported on the left-hand panel of Figure 1 while the right-hand panel shows the same for the wife's education. In each panel two PD estimates are shown, each with its 95% con…dence interval. 18 The second is g 
from which we de…ne:
Note that the above de…nition of g u m (m) uses h(m i ), the average age for males of education level m i , not h, the average over the entire sample. This is done to better visualize the di¤erence in PDs that is purely due to assortative matching: any di¤erence between g The right-hand panel of Figure 1 shows in blue the unconditional PD of an additional year of female education. One additional year of education for an illiterate mother is associated with an increase in daughter survival probability by 0.2 to 0.35 percentage points. This is a large partial derivative given graph also shows that the unconditional PD falls with female education. This is because 4 , the coe¢ cient of female education squared, is negative (see Table 3 ).
The panel also shows the conditional PD g . This is to be expected: a negative 5 means that the PD of female education falls with male education, something that could arise because male and female education are substitute in the production of daughter survival.
Given that educated women are more likely to marry an educated man, g u f (f ) overestimates the correlation between female education and household welfare in the population at large. 19 Given that 5 < 0 for daughter survival (see Table 3 ), and given the sample correlations discussed
This is what the right-hand panel of Figure 1 indicates:
the PD falls faster with female education than the unconditional PD. If we also consider the con…dence interval for both types of PD, we see that additional female education beyond 9th grade does not predict a higher daughter survival once we take into account the education level of the husbands that a more educated woman is likely to marry.
The left-hand panel of Figure 1 does the same thing for male education. The male and female panels are very di¤erent. For women, the PD of education is highest at low levels of schooling -e.g., primary
and, to a lower extent, middle school. In contrast, for men the PD of schooling on daughter survival rates is zero at low levels of schooling but increases strongly with education. We also note that marriage market assorting is less an issue for males: the di¤erence between g We see that the PD of female education on the number of sons is negative throughout (right-hand panel of Figure 2 ), but the PD is much more negative at higher levels of education. There is only a small di¤erence between unconditional and conditional curves. For men (left-hand panel), male education is initially associated with a small positive PD on the number of sons -men with one or two years of primary education tend to have more sons than those with no education at all. The PD of male education becomes negative above primary education. This U-shaped relationship in father education is also clearly apparent partial derivative of education is higher for older women. This may be because, in our sample, the few older women who managed to get some education were given information that was particularly useful to improve child survival at a time when health and nutrition conditions were poorer than they are now. Younger women are, on average, better educated but sanitary conditions may have improved, in which case the partial derivative of education of child survival could be smaller. This is what a signi…cantly positive 2 suggests. Next we turn to childbirth in the 12 months preceding the census. Results are summarized in Figure 3 .
For male education, the PD is qualitatively similar to that for the number of sons and daughters, although not signi…cant at low education levels. Female education, however, shows a markedly di¤erent pattern:
instead of PDs becoming more negative with education, we observe an initially negative but non signi…cant PD at small levels of education that turns into a positive PD at higher levels of female education. In other words, among poorly educated women, increasing education by one year is, if anything, associated with a weak reduction in the likelihood of having a child in the 12 months preceding the census, although this feature is not signi…cant and disappears in the cubic model. But for women having completed primary education, one additional year of education is signi…cantly associated with a small increased this likelihood. If we compare Figures 2 and 3 we get a very di¤erent picture regarding the PD of post-primary education on fertility. Taken together, the results indicate that a more educated woman of a given age has fewer children but is more likely to have had a child in the preceding year. This is may be due to a catching up e¤ect, educated women having children later in their adult life (Amin and Behrman 2011). In Figure 4 we examine the relationship between child school attendance and parental education.
Coe¢ cients of the child-speci…c regressions are reported in Table 4 . For memory, these regressions control for age and gender of the child together with VDC …xed e¤ects and parental characteristics. From the left-hand panel of Figure 4 we see that the PD is high at low levels of father education but falls to zero for higher-secondary education levels of the father. Male PDs are not much a¤ected by assortative matching, except at high levels of male education. The reader should not pay too much attention to the signi…cantly negative PD at high levels of father education in the regression with assorting: it disappears in the cubic version of the model; other features remain.
The PD of mother education on school attendance is also large, albeit smaller than that of father education: the PD of going from no education to one year of primary education raises school attendance of children by around 2.5 percentage points for fathers but only by around 1.2-1.4 percentage point for mothers. We also note that assortative matching leads to a sharp reduction in the PD of mother education on child school attendance. In other words, in Nepal there is a stronger association between school attendance and father education than with mother education. We also note the negative PD at high enough levels of mother education in the regression with assorting. This feature can also be observed in the cubic and fully saturated models, although it tends to be limited to upper secondary school education. Why this is the case is unclear. One possibility is that more educated parents are more likely to be engaged in non-farm activities, either as wage employed or self-employed (Fafchamps and Quisumbing 1999). If they are self-employed, they may involve their teenage children in the business as a kind of apprenticeship; if they are wage employed, they are more likely to rely on older children to substitute for them at home and on the farm (Fafchamps and Wahba 2006) .
The relationship between completed schooling and parental education is displayed in Figure 5 . Here too we control for the age and gender of the child (see Table 4 ). The general pattern is similar to that observed for school attendance, although there are important di¤erences. We again see a strong PD of father education on total schooling. The PD of female education is initially higher than that of men but falls more rapidly. PDs that correct for assortative matching fall more rapidly with education than unconditional ones. This is true for both fathers and mothers. This …nding is in line with coe¢ cient estimates reported in Figure 4 we observe, in the regression with assorting, negative PDs on high levels of female education. This result is also present in the cubic and fully saturated models. Do these results carry over to child work? The answer is yes, as we can see from Figure 6 . Father education has a particularly strong negative association with the likelihood of that a child aged 10 to 15 worked in the 12 months preceding the census. This negative relationship disappears at higher levels of father education, probably because children of fathers with completed secondary education hardly ever work. Conditional and unconditional PDs are similar for father education.
The PD of mother education is also negative at low levels of education, but much smaller in magnitude.
We also observe steeper conditional than unconditional PDs. The conditional PD of female education on child work is negative at low levels of education -i.e., below completed primary education -but positive for highly educated women -e.g., completed secondary and above, con…rming earlier results on education. Since educated women are much more likely to work in our sample, this is consistent with the Before presenting further regression results, we summarize in Table 5 unconditional partial derivatives from regression (4.1) averaged over the entire sample. These average PDs are similar to the parental education coe¢ cient one would obtain by regressing outcomes linearly on father and mother education: they implicitly weigh PDs by the proportion of the sample in each education categories.
Since most mothers in our sample have no education, average PDs of female education are dominated by the partial derivative at 0 years of education. In contrast, PDs for male education are averaged over a broader range of education values. This is what we …nd: average PDs reported in the …rst row of Table   5 are larger for female than male education whenever female education PDs at low values are largest, such as for son and daughter survival ( Figure 2 ) and for the number of sons and daughters ( Figure 3 ).
For other outcomes, the di¤erence is less marked. What this suggests is that PDs obtained from simple linear regressions should be interpreted with caution.
In the next two rows of Table 5 we calculate average PDs separately for young and old parental cohorts, using the median age of the mother and father as cuto¤. We note that average PDs are in general smaller in magnitude for young cohorts. Part of this di¤erence is because younger cohorts are, on average, better educated and PDs of parental education tend to fall with education, as shown in several of the Figures above. Another part of the di¤erence is driven by strongly signi…cant interaction terms between age and education for males and females, as indicated in Tables 3 and 4 . Together, these two factors explain why the improvement in household welfare indicators associated with increased parental education is much lower in younger cohorts.
Further decomposition
We now introduce additional regressors in (4.1) to remove from the PD of parental education factors likely to be driven by general equilibrium e¤ects and by individual heterogeneity. We proceed in two steps: …rst we include as additional regressors the average levels of male and female education in each parent's cohort; then we further add the educational rank of each parent in their corresponding cohort.
We summarize our …ndings here. Detailed regression results and …gures with partial derivatives are available in an online appendix.
We begin by noting that adding the average education of each parent's cohort as regressor has no noticeable e¤ect on partial derivatives with respect to mother and father education. This is best seen from the second horizontal panel of This suggests that whatever drives PD estimates, it is not the correlation between the education level of individual parents and that of other parents in the same age cohort and birth district. It is therefore unlikely that the correlation between parental education and household outcomes is simply due to general equilibrium e¤ects.
It is, however, conceivable that part of the correlation is due to unobserved heterogeneity in ability and family background. To investigate this possibility, we reestimate the outcome regressions with the educational rank of each parent as additional regressors. Average PDs presented in the third horizontal panel of Table 5 indicate a dramatic change. This is particularly noticeable for the PD of child survival with respect to mother education, which becomes much smaller. But a similar shrinking of PDs is In Figure 8 we do the same for the total number of sons. PDs for male and female education are now similar, that is, marginally positive at low levels of education and negative at high levels. This is di¤erent from Figure 2 where PDs of female education was everywhere negative. Positive PDs, however, disappear once we include cubic terms in parental education, and so should not be taken too seriously. We obtain for individual ability and family background, 20 these …ndings suggest that a large proportion of this correlation may be driven by di¤erences in ability and family background, not by education itself. Figure   8 suggests that the partial derivative of fertility with respect to father and mother education only becomes negative for education levels above primary. This is consistent with the idea it is keeping girls in school at puberty that delays motherhood.
For live birth in the year preceding the census, we …nd little change in partial derivatives: they are positive for married women with secondary education and above (even more so in the cubic regression), and negative for married men with secondary education. The Figure is omitted to save space.
PDs for school attendance are shows in Figure 9 . If we compare with Figure 4 , results are striking:
PDs are in general much smaller in magnitude. Furthermore, when we correct for assortative matching by education level between spouses, PDs for male and female education take a similar shape: zero or In Figure 11 we show the results for child work. Here too the di¤erence with Figure 6 is noticeable.
Once we control for assortative matching by education, we …nd that parental education above primary is associated with an increase in child work. This is true for both father and mother although, the latter case, the PD is smaller in magnitude and less precisely estimated. Similar results nevertheless obtain in the cubic regression.
Before concluding, we take a closer look at the coe¢ cient estimates of the various control variables included in our last batch of regressions ( survive and go to school, and less likely to work. In the latter case, mother rank has a smaller coe¢ cient than father rank, possibly suggesting a larger role for unobserved father ability and family background in predicting child schooling and child work.
The coe¢ cients of the average education of each parent's cohort are presented next. Cohorts of fathers with a higher average education tend to have fewer children, but these children are more likely to survive and go to school, and less likely to work. Estimated coe¢ cients are consistent across regressions, large in magnitude, and strongly statistically signi…cant. Note the di¤erence in the partial correlation of fertility with average cohort education (which is positive) and the father's educational rank (which is negative). This means that fathers who receive more education than their cohort tend to have more children although cohorts with more educated fathers tend to have fewer children on average. Further, as seen in Figure 8 , the PDs of father education are positive at low education levels but negative at high levels. This suggests that the relationship between fertility and the education level of the father is a complex one that is hard to capture adequately in small datasets.
In contrast, the coe¢ cients of the average education of women in the mother's cohort either are nonsigni…cant or have an unanticipated sign -i.e., they are associated with higher fertility and lower child welfare. Why this is the case is unclear, but it does not provide much a priori support for the idea that female education generates positive externalities across households.
The last panel of Table 6 reports coe¢ cient estimates for marriage market variables. To recall, cohort gender ratios and education di¤erences are de…ned such that a higher value captures more bargaining power in the hands of women. An imbalance of the marriage of market in favor of women is generally expected to result in family choices that better re ‡ect the preference of women for fewer, higher quality children (Brien 1997 ). This is not what we …nd: controlling for parental education, mothers in a marriage market more advantageous to women have on average more children, a lower child survival rate, less child schooling, and more child work. Why this is the case is unclear, but it could because international work migration a¤ects generate systematic measurement error in our marriage market imbalance measures. 21 More relevant perhaps are the coe¢ cients of interaction terms between parental education and marriage market conditions. Results show that better educated husbands in cohorts with fewer women tend to have more children who also receive more schooling and work less. In contrast, better educated wives in similar cohorts seem to have fewer children but coe¢ cients are not all signi…cant. Better educated husbands in cohorts where women are relatively more educated tend to have fewer children, and their children are more likely to survive, receive more schooling, and work less. If we think of these husbands as having more bargaining power and thus being able to shape household choices in the direction of their own preferences, this would lead us to infer that their preferences are for fewer high quality children.
We …nd similar albeit less signi…cant coe¢ cients for better educated wives in cohorts where women are more educated. What to make of these results is not entirely clear, but one possibility is that education changes the preferences of both parents in the direction of smaller families of healthier and more educated children.
Conclusion
Using data from the 2001 Nepalese population census, we have examined the statistical association between parental education, fertility, and child welfare. This association has received considerable attention in the past, and has been used to advocate promoting female education.
Taking advantage of the large number of observations at our disposal, we study how the partial derivatives of male and female education vary with education. We focus on fertility, child survival, child schooling, and child labor. We …nd that female education is not as strongly associated with bene…cial outcomes as is often assumed, and that male education matters as much if not more. Furthermore, part of the association between female education and household outcomes is driven by marriage market matching with more educated men, and a non-zero cross-derivative between male and female education.
The association between parental education and household outcomes is una¤ected if we control for the 2 1 Our estimates of marriage market imbalance are based on residents at the time of the census. As a result, districts with more male international migrants appear to have fewer men (and probably less educated men) than they actually had at the time of marriage, and this biases our marriage market imbalance variables. The positive e¤ect of imbalance may be due to unobserved remittance income, which is probably bene…cial to household welfare. average education of each parent's marriage cohort, even though the average education of the cohort is itself a strong predictor of household welfare. This suggests that at least part of the association between education and welfare occurs at household level and is not just driven by an aggregate correlation arising, for example, from general equilibrium, labor market e¤ects, health externalities, or school peer e¤ects.
Unobserved ability and family background may have a direct e¤ect on household welfare that is captured by education. To proxy for these confounds, we use the educational rank of each parent in their respective marriage cohort. The maintained assumption is that better able children who receive more support from their parents receive proportionally more education than others in their cohort. Once we control for the educational rank of the parents, the positive association between female education and bene…cial outcomes becomes weaker, disappears, or is reversed. In many cases, partial derivatives for female education become similar to those for male education. For women, the association between educational rank and outcomes is very strong, especially for fertility: women who perform better than their peers in school have fewer children and educate them better. In contrast, for men the statistical association between education and household outcomes remains strong even after we control for their educational rank.
These results are closest to those obtained by Behrman and Rozenzweig (2002) who use natural experiment data from a developed economy. Amin and Behrman (2011) also …nd that cross-section correlations overestimate the e¤ect of mother schooling on fertility. In a recent paper, Muralidharan (2013) reports …ndings from India suggesting that the majority of children learn very little in primary school. If this is also true in Nepal, maybe it is unrealistic to expect large intergenerational bene…ts from female education.
We also investigate whether relative parental education interacts with marriage market imbalances.
We …nd that, other things being equal, better educated fathers in marriage markets favorable to women tend to have more bene…cial child welfare outcomes in terms of education, child work, and child survival compared to less educated fathers in the same marriage market. The pattern for mothers is weaker and less consistent across regressions.
Partial derivatives can be thought of as marginal treatment e¤ects subject with omitted variable bias.
What, if anything, do they reveal about the possible causal e¤ect of parental education on fertility and child welfare? Here are some tentative suggestions. First, there is so much variation in partial derivatives by education level that underlying marginal e¤ects are unlikely to be constant either. It follows that average treatment e¤ects, which are typically all that can be reliably estimated in small experimental samples, need not be su¢ ciently informative for policy.
Secondly, treatment e¤ects observed at the level of an individual need not scale up to the whole population due to a fallacy of composition. This was illustrated, for partial derivatives, by the di¤erence between estimates with and without correction for assortative matching. This is a general problem, though: treatment e¤ects estimated from small scale experiments are informative about the likely e¤ect of an intervention of the same scale, but not necessarily about a scaled-up intervention. The results presented here illustrate how partial derivatives may provide some indication about the possible magnitude of the di¤erence, thereby helping assess the external validity of experimental results.
Third, treatment e¤ects may result from an individual response to treatment, or be mediated by labor market e¤ects, externalities, peer e¤ects, or any other aggregate feedback e¤ect. Experimental evidence often cannot distinguish between individual and aggregate e¤ects. Even in experiments designed to estimate peer e¤ects, the scale of the intervention is often limited, so it is unclear how much larger aggregate feedback e¤ects would be if the intervention were scaled up. 22 Here too partial derivatives estimated from observational data may provide an order of magnitude.
Fourth, self-selection into treatment is always a potential concern for estimation. We have sought to reduce the omitted variable bias in partial derivatives by introducing a proxy for unobserved heterogeneity.
We do not claim to have entirely eliminated the potential bias. The educational rank of the mother and father in their respective birth cohort may under-control for unobserved heterogeneity. It may also overcontrol for education, that is, absorb variation in education that has a truly causal e¤ect on fertility and child welfare. 23 In this case, estimates of partial derivatives obtained with the proxy can be thought of 2 2 This is because the magnitude of the aggregate multiplier depends on the size and proportion of the treated population in ways that are di¢ cult to estimate from experimental results. 2 3 This can arise for instance because of variation in school supply within district. In this case part of the variation in educational rank is driven by the exogenous variation in school supply within district, and thus rank captures part of the exogenous variation of interest that is not due to unobserved heterogeneity. Other examples include idiosyncratic shocks that force some children out of school.
Because primary schools are mixed-gender, the over-control e¤ect should in principle a¤ect mother and father in more or as lower bounds on the causal e¤ect of parental education.
Taken together, the results presented here con…rm earlier …ndings and suggest that we may need to revisit the respective roles of male and female education in reducing fertility and promoting child welfare.
This is important at a time when, in many countries, women are now acquiring more education than men (World Bank 2012a, 1012b) 24 and when many men fall behind in terms of earnings. If the results presented here are con…rmed elsewhere, the time may have come to shift the emphasis on keeping boys in school as well as girls.
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